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ABSTRACT

Rock, stream-sediment, and hydrogeochemical surveys were conducted in the 

Mount Bel knap caldera area, south-central Utah, during the summer of 1979. 

The presence of leucocratic rocks and relatively high concentrations of the 

elements Nb, Be, Ga, Y, Pb, Sn, Mo, and F with corresponding low concentra 

tions of the elements Ba, Mg, Ca, Fe, Sr, and Cu suggests that late phase, 

highly differentiated felsic magmas were intruded and(or) erupted in the 

caldera vicinity. The presence of Mo and Sn in the rocks and F in the water 

samples suggest that the ore elements were concentrated, first in residual 

fluids in the magma and possibly later in epigenetic mineral deposits. The 

data suggest several target areas for further exploration.
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IN-ROOUCTION

The Mount Belknap caldera is located in the Tushar fountains, 

approximately 20 kilometers (12 miles) northeast of leaver, Utah (Figure 1). 

Geochemical studies utilizing water, rock, and stream-sediment sarioles were 

conducted in an area of approximately 310 square kilometers (125 square miles) 

in and around the Mount Bel knap caldera. This reoort discusses one aspect of 

the investigation, namely the rock geochemistry.

The results of geological and geochenical studies of the ? 1ount <3elknap 

caldera and vicinity indicate that potentially economic proohyry-type 

molybdenum deposits may exist in or near the caldera and that vein-tyne 

uranium deposits may be associated with some of the porohyry-tyoe deposits. 

Rock geochemistry is a possible tool in explorino for oorphyry-tyoe molybdenum 

deposits that may occur at depth and provides insight into the geochenical 

processes evolved in their deposition. For this survey 13 elements were 

examined with respect to the enrichment and depletion patterns that were found 

in the rocks. These elements were chosen because of their characteristic 

occurrence in nignly differentiated leucocratic igneous rocks wnich commonly 

are associated with significant concentrations of molybdenum.
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-EOERAL OEOIOGY

Tne 'lount Jelkna.j ca'q-ra 15 located in the High D lateaus suborovince of 

tne Co i ^Pcr'o Plateau '^ar its ooundary with tne 3asin and 'Panqe nrovince. The 

camera covers an area  )*  aooroxinately 190 square kiloneters (7'^ sauare 

:iil-s), ./ithin t-ie <'arysval ? volcanic field (Cunninnhan and Steven, 1979d). 

Paleozoic and Oesozoic limestones and sandstones underlie the volcanics an^ 

are ^xuosed in the -^astern face of the Tushar Mountains, a ast of the r'ount 

Oelknap ca-Mera. "The 'jnconfornaoly overlyina Bullion Canvon Volcanics consist 

of i nterjeoidte coiuosition lava flows, ash flo\/ tuffs and related volcano- 

clastic !ie;josits that were erupted between 35 and 22 n.y. aco (Steven, 

Cunninq.-idi i n ^aeser and "e".nert, IJ7M}. These rocks are overlain oy the 

r'lyolitic ; !ount Be'Sknao '/olcanics, which -,/as extruded between 22 and 16 n.v. 

ano 'Steven, Ounnin<jhdi i, '-'aeser, and Tehnert, l'?73). oasin and r<anqe faultiin 

orooaoly beqan au^iri!,1 eruptions of the Mount ^e-knap Volcanics (St°ven, 

C.jnninondn, d fic .{o^ley, l Q 7'Jj). The volcanic activity of the ar a a is sunnar- 

izen in T^le 1. .Aqes are hased on fission-track data for zircon and aoatine 

and \- \r aces "' jr a 1i in^te, natroal unite, liotite, ol aqiocl ase, and sanidiie 

(Steven, Cunni nc;na i, ann ~!0'/ley, 197 ;3). A Generalized qeolonical fiao of the 

  ount jel<°.aj ca^dera vicinity is -niven in Finure 2. A correlation of nap 

units is ov/en in Finure 3. -\ ,iore conolet 0 discussion of the volcanic units 

in tne area is -;v/en in Cjnninchan and Steven (1^73a, 1979a, 1979h, l i:>79c, 

1979d, 1979e, and 1930), Steven (1977), Steven, Cunninqhan, Maeser, and 

,'ennert (l'-57H}, Steven and Cunninqhan (1930), IcNair (1951), and Fleck, 

Vderson, and <ow!ey '1975).

' in*'rn. 1 in fie ^aryS'/ale area neqan in 1868 "/hen qold 'was discovered ^n 

Bullion Cannon. A su^nary of the sporadic rn'ninq activity since then 1- s a 

in T ab!e 2.



Table 1.--Summary of volcanic activity

20 m.y. to present-- Basin and Range extensional tectonism and
faulting; some episodic rhyolitic and 
basaltic volcanism.

22-16 m.y. ago    Mount Belknap Volcanics silicic alkalic
rhyolitic lava flows, ash flow tuffs, 
and volcanoclastic deposits and asso 
ciated intrusive rocks.

About 23 m.y. ago  Quartz monzonite stocks emplaced in
Bullion Canyon Volcanics.

35-22 m.y. ago   Bullion Canyon Volcanics--Intermediate
composition lava flows, volcanic 
breccia, ash flow tuffs and volcani- 
clastic deposits.
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DESCRIPTION OF MAP UNITS

Qa ALLUVIAL DEPOSITS (HOLOCENE) Silts, sands, and gravels in

alluvial fans, alluvial slope wash, and stream alluvium.

Ts SEVIER RIVER FORMATION, LOWER PART (PLIOCENE AND MIOCENE) 

Fluviatile gravels, sands, and silts, with interlayered ash- 

fall tuffs 

MOUNT BELKNAP VOLCANICS (MIOCENE)

Tmi Intrusive rocks--Several small porphyritic quartz latitic to

rhyolitic stocks containing scattered phenocrysts of quartz, 

plagioclase, and sanidine in a finely granular mossic of 

alkali feldspar and quartz

Tmg Gray Hills Rhyolite Member--Light-gray, spheralitically

devitrified alkali -rhyolite lava flows containing sparse 

sanidine phenocrysts. Contorted flow layering is 

characteristic

Tmr Red Hills Tuff Member Crystal -poor, welded, white and red alkali- 

rhyolite ash-flow tuff containing 7-8 percent phenocrysts of 

anorthoclase, quartz, sodic plagioclase, and minor biotite

Tmj Joe Lott Tuff Member Crystal-poor welded alkali rhyolite ash-flow 

tuff containing about 1.5 percent phenocrysts of quartz, 

plagioclase, and sanidine, with traces of biotite

Tmb Mount Baldy Rhyolite Member Crystal-poor rhyolite lava flows

consisting largely of a fine granular mosaic of quartz and 

alkali feldspar, and minor plagioclase, biotite, and 

hematite. Contorted flow layers are common



Tmv Volcaniclastic rocks--Dominantly laharic mud-flow breccias from 

nearby lava flows of the Mount Baldy Rhyolite Member (Tmb). 

Some landslide debris and fluviatile sands and gravels are 

i ncluded

Tmm Middle tuff member Crystal -poor rhyolite welded ash-flow tuff,

closely similar to that in the outflow Joe Lott Member (Tmj)

Tmbl Blue Lake Rhyolite Member Crystal-poor rhyolite flows, closely 

similar to those in the Mount Baldy Rhyolite Member (Tmb)

To OSIRIS TUFF (MIOCENE)--Gray and reddish-brown, densley welded, 

crystal-rich ash-flow tuff phenocrysts consist of andesine 

(25 percent), biotite (2 percent), and 1 percent each of 

sanidine, pyroxene, and Fe-Ti oxides. K-Ar age is about 22 

m.y. (Fleck and others 1975)

BILLION CANYON VOLCANICS (MIOCENE AND OLIGOCENE)

Tbi Intrusive rocks Strongly porphyritic to equi granular, fine-to 

medium-graned quartz monzonite, containing approximately 

equal proportions of plagioclase and orthoclase, as much as 

30 percent quartz, plus augite, hornblende, and biotite. 

Minor accessory minerals are spatite, zircon, and Fe-Ti 

oxides

Tbd Delano Peak Tuff Member Densley welded crystal-rich quartz latite 

ash-flow tuff containing phenocrysts of plagioclase (32 

percent), hornblende (9 percent), Fe-Ti oxide minerals (4 

percent), and less than 1 percent each of quartz, biotite, 

and apatite



Tbm Middle member Mostly light-gray and brown rhyodacite lava flows, 

flow breccia, and volcanic mud-flow breccia that lie between 

the overlying Delano Peak Tuff Member (Tbd) and underlying 

Three Creeks Tuff Member (Tbt)

Tbt Three Creeks Tuff Member (Oligocene)--Densely welded light-gray 

and brown, crystal-rich quartz latite ash-flow tuff 

containing phenocrysts of plagioclase (35 percent), 

hornblende (9 percent), biotite (3 percent), and quartz (2 

percent). Fe-Ti oxide minerals, sanidine, and other 

accessory minerals occur in traces. K-Ar age is 27 m.y. 

(Steven, Cunningham, Naeser, and Mehnert, 1977)

Tbl Lower member Mostly volcanic mudflow breccia, flow breccia, and 

tuffaceous sedimentary rocks that occur below the Three 

Creeks Tuff Member (Tbt)

UNDIVIDED JURASSIC, TRIASSIC AND PERMIAN SEDIMENTARY ROCKS 

JPS Includes the Jurassic Arapien Formation, Jurassic and

Triassic Navajo Sandstone, Triassic Chinle Formation and its 

Shinarump Member, at the base are Moenkopi Formation, Permian 

Kaibab Limestone, Toroweap Formation, and the Queantoweap 

Sandstone of McNair (1951).
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Table 2.--Mining history

Year History

1868 Precious and base metals discovered in Bullion 
Canyon. Manto deposits later discovered in 
Mesozoic sedimentary rocks.

1890 Small gold and silver deposits discovered 
throughout Tushar Mountains.

1900 Kimberly deposits developed, richest precious 
metal deposits in the region.

1910 Alunite discovered, mined for potash during
World War I and aluminum during World War II,

1949 Uranuim discovered in vein deposits north of 
Marysvale.

Present Sporadic mining in the region, however, 
exploration for uranium, porphyry-type 
molybdenum deposits, precious and base 
metals is being actively pursued.

11



Sampling and analytical techniques and analysis of variance 

Lh.iring the sunner of 1979, rock samples were collected in and near the 

hount oelknap caldera. Two sets of rock sanples were collected: objective 

sanples were collected fron randomly selected outcrops at a density of one 

sample per !J.64 square kilometer (0.25 square mile), and subjective sanples 

were collected fron veins, tailing piles and altered areas on the basis of 

possible economic interest. Sample numbers within the 310 or 600 series are 

subjective sanples, all other sample numbers are of objective samples.

The 7 1/2-minute quadrangle naps of the survey area were divided into 

cells using a 0.3-ki 1 orneter grid length. Each 0.64-squaro-ki1oneter cell was 

then divided into 4 squares, defined as subcells. One suhcell was randomly 

selected from each cell for field collection (Figure 4). In the field, an 

accessable outcrop was selected from within the designated subcell. The 

sample site consisted of an area of approximately 1 square meter for both the 

objective and subjective sanples. feathering surfaces 'were removed and 3^0- 

600 grans of fresh rock chips were placed in cotton sacks. Nine outcrops were 

sampled in duplicate fron sites located 10-30 neters (30-100 feet) f ron the 

original site. If the designated subcell did not contain an ontcroo, an 

alternate suocell, from the sane cell was sampled. A total of 451 objective 

sanples and 64 subjective samples were collected from within the study area 

(Fi gure 5).

Each sample was analyzed sem'quantitatively for 30 elements by a O.C. 

arc, six-step optical emission spectrograph. All values are reoorted as Ion 

intervals, (that is, 1.5, 2, 3, 5, 7, 10), which approximates the geometric 

midpoints of the concentration ranges. "totooka and Grimes (1976) have shown 

the precision of the reported value to be within an adjoininn interval on 

either side of the reported value 33 oercent of the tine, and within two

12



j cell 
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Figure 4.--Graphical representation of the sampling design.
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adjoining intervals on either side of the value 96 percent of the time. The 

analytical results for 22 elements are given in Appendix 1. Appendix 2 lists 

eight elements which had fewer than 15 detected concentrations. The 

analytical results for the objective samples are summarized in Table 3.

The variance within the sample set was analysed to determine the variance 

between the different levels of the sampling design and to obtain a better 

understanding of the geochemical trends. The variance was analysed at 5 

levels. The first level measures the variance between the rhyolites and the 

latites. The second level measures the variance between the 0.64-square- 

kilometer cells, defined as the regional variance. The third level measures 

how well subcell samples from the same rock type represent the composition of 

the entire cell. The fourth level measures the variance that exists within a 

given outcrop. The fifth level measures the analytical variance. Samples 

used in these different analyses of variance are listed in Table 4.

Elemental concentrations that were detected but were less than the 

detection limit were given values equal to one log interval below the 

detection limit. Elemental concentrations that were not detected were 

assigned values three log intervals below the detection limit. Elemental 

concentrations greater than the highest standard were assigned a value one log 

interval greater than the highest standard. Twelve elements have more than 20 

percent unqualified data and were used in the analysis of variance (Hoffman 

and others, 1979). The data were logarithmically transformed prior to 

performing the analysis of variance. The five-level analysis of variance was 

performed with 64 objective samples using the computer STATPAC programs. The 

variance components are shown on Table 5 and Figure 6.

Iron, magnesium, calcium, titanium, barium, beryllium, and lead have 

their highest variance components in level 1 or between rock type which

15
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Table 4. Duplicate samples used in analysis of variance

Subcell duplicates Site duplicates Analytical duplicates 

Rhyolite Latite Rhyolite Latite

035
036

044 
045

183
184

204
205

510 
511

540
541

548
549

577
578

732
733

017
018

053 
057

089
614

173
174

519 
520

606
607

612
613

620
621

040
041

121 
122

132
133

531
532

736 
737

153
154

550 
551

565
566

693
694

059

061

063

065

175

180

182

194

196

198

210

583

* Analytical duplicates were samples analyzed twice.

1 7



TableS.-- Variance components as percentages of total variance and the 

significance of F-ratios derived from the variance components

Element

Hierarchical Level

Rock type Regional Within cell Outcrop Analytical

Fe --

Mg  

Ca  
Ti ---
Mn  
Ba  

Be --
La ---

Pb ---

y   
Zr ---
Ga ---

65.1 *

57.6 *

61.0 *

68.0 *
0.0

86.5 *

78.7 *

0.0

41.8 *

1.52

0.91

23.2 *

28.7 *

36.1 *

28.6 *

20.1 *

75.3 *

11.7 *

9.34

55.0 *

28.6 *

55.3 *

30.9

53.3 *

0.92

0.0

0.0

7.15

15.3

0.0

8.58

13.6

20.0 *

0.0

0.0

0.0

0.0

4.17

9.53 *

0.0

2.15

0.66

0.07

0.0

0.0

37.3 *

13.3

2.00

5.26

2.22

0.85

4.77

7.22

1.12

3.33

31.4

9.62

5.94

54.9

21.5

* Indicates the difference between hierarchical levels is significant at 

the 0.01 significance level.
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indicates that these elements are distributed primarily as a function of rock 

type. Manganese, lanthanum, zirconium, and yttrium have variance components 

less than 2 percent of the total variance for this level. This indicates that 

differences between rock unit for these elements can not be detected by this 

survey. Level 2 is a measure of the variability between the 0.64-square- 

kilometer cells or a regional variance. Manganese, lanthanum, yttrium, and 

gallium have their highest variance components in level 2, indicating that a 

spatial relationship is important to the distribution of these elements within 

the rock type. Level 3 is a measure of the variance within a eel 1. All the 

elements have low variance components in this level but magnesium, calcium, 

barium, zirconium, gallium, and iron have variance components less than one 

percent of the total variance. This indicates that there is not significant 

variance within the 0.64-square-ki 1 ometer cells. Level 4 is a measure of the 

variance that occurs at a sample site. Yttrium has a high variance component 

in this level, which indicates that there is a large variability over a small 

area. Iron, titanium, lanthanum, lead, barium, and beryllium have variance 

components less than one percent of the total variance, which indicates that 

these elements have low variability occurring at an outcrop. Level 5 is a 

measure of the analytical precision. Only zirconium has its highest variance 

component in this level, which indicates that it will be difficult to detect 

zironium variation throughout the survey area. The other elements have low 

variance components in this level, which indicates the analytical techniques 

had adequate precision. The analysis of variance results given in Table 5 

show that most of the elements used in this survey have significant regional 

van ations.
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GEOCHEMISTRY OF THE ROCKS

Rock geochemistry can be useful in mineral exploration and for gaining an 

understanding of the geological and geochemical processes that have taken 

place in an area. Careful geochemical studies of known porphyry-type 

molybdenum and tin deposits have identified many characteristics useful for 

exploration (Wallace and others, 1978; Sharp, 1978; Sheraton and Black, 1973; 

Sillitor, Halls, and Grant, 1975; Groves and McCarthy, 1978; Groves and 

Taylor, 1973; Van Alstine, 1976; Dagger, 1972; Tischendorf, 1972; and Hosking, 

1965). There are five important characteristics: (1) a history of volcanic 

and(or) intrusive activity where rocks of leucocratic, alkali rhyolitic or 

granitic composition are present; (2) presence of anomalous concentrations of 

a suite of elements including F, Ga, U, Mo, Sn, Li, Rb, Be, Y, Pb, Zn, Bi, Nb, 

and Mn; (3) the depletion of certain elements from the magma such as Fe, Ti , 

Ba, Sr, Mg, Ce, La, Al, Cu, and Zr, with subsequent paucity of dark minerals; 

(4) proximity to major crustal lineaments; and (5) association with high- 

flourine belts. The porphyry molybdenum systems of Climax, Henderson, Urad, 

and Questa meet many of these criteria as do the newly discovered porphyry 

molybdenum deposit at Pine Grove in the Wan Wah Mountains, Utah, and the 

mineralized areas associated with the Mount Bel knap caldera region being 

discussed here. Careful geologic and geochemical studies conducted in the 

Mount Belknap caldera and around Alunite Ridge by Steven, Cunningham, and 

Machette, (1980); Steven and Cunningham, (1979) and Cunningham and Steven 

(1978b and 1978c) suggest that in this area vein-type uranium deposits may be 

high-level indicators of underlying porphyry-type molybdenum systems.

The degree to which the mineralizing solutions fed by residual fluids are 

channelled or trapped above a source pluton will affect the mineralogy and the 

type of mineral deposits formed. Deposition is controlled by factors such as
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pressure, thermal gradient, complexing ions, pH, and Eh (Wallace and others, 

1978; Tischendorf, 1972; and Hosking, 1965). The resulting reactions commonly 

form concentration haloes imprinted onto a host rock; the form and extent of 

such haloes depend on the complex interaction of such factors as (1) elemental 

concentrations, (2) thermal gradient and cool ing history, (3) wall rock 

mineralogy, and (4) degree of fracturing in the host rock (Groves and 

McCarthy, 1978; Wallace and others, 1978; Dagger, 1972; Tischendorf, 1972; 

Hosking, 1965, and Tucker and others, 1981). For porphyry molybdenum systems, 

molybdenite is found in the central zone with consecutively larger haloes of 

Bi, Sn, and W (Wallace and others, 1978). Figure 7 depicts idealized 

elemental halo patterns associated with the emplacement of a highly different 

iated leucocratic body containing significant concentrations of the elements 

Mo and Sn. These haloes can express themselves as enrichments of certain 

elements and depletions in other elements. The geochemical interrelationships 

of these elements can be used to locate areas of anomalously low 

concentrations as well as areas of anomalously high concentrations.

A correlation matrix is given in Table 6. The significant correlation 

coefficients with varying degrees of freedom for the 0.05 and 0.01 levels of 

significance are given in Table 7. Two distinct suites of elements emerge 

from the correlation matrix. The first suite consists of the elements Mb, Pb, 

Y, Ga, and Be which have significant correlation at the 0.05 level with Mo. 

The second suite consists of the elements Mg, Ca, Ti, Mn, Ba, Cr, Cu, Ni, and 

Sr which have significant correlation with Fe and the 0.05 level. Sn and Ag 

have no significant correlation with any elements, which may be attributed to 

the small number of samples having measurable concentrations of these 

elements. The two suites can also be distinugished when single-element plots 

are examined. High concentrations of Nb, Be, Ga, Y, Pb, and Sn are associated

2 2



Figure 7.--Idealized cross section of elemental dispersion along thermal 

gradients around an ore bearing felsic body. Summarized from Wallace 

and others (1978); Groves and McCarthy (1978); and Tischendorf (1973).
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Table 7 --Correlation coefficients at the 5% and 1% levels of significance

Degrees of 
Freedom

1

2

3
4

5

6

7

8

9

10

11

12

13

14
15  

16

17

18

19

20

21

22

23

5%

.997

.950

.878

.811

.754

.707

.666

.632

.602

.576

.553

.532

.514

.497

.482

.468

.456

.444

.433

.423

.413

.404

.396

1%

1.000

.990

.959

.917

.874

.834

.798

.765

.735

.708

.684

.661

.641

.623

.606

.590

.575

.561

.549

.537

.526

.515

.505

Degrees of 
Freedom

24
25

26

27
28
29

30

35
40
45

50
60
70

80
90
100

125

150
200
300

400
500

1000

5%

.388

.381

.374

.367

.361

.355

.349

.325

.304

.288

.273

.250

.232

.217

.205

.195

.174

.159

.138

.133

.098

.088

.062

1%

.496

.487

.478

.470

.463

.456

.449

.418

.393

.372

.354

.325

.302

.283

.267

.254

.228

.208

.181

.148

.128

.115

.081

From Snedecor and Cochran (1967), p. 557.
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with the Mount Belknap Volcanics within the caldera (Figures 8, 9, 10, 11, 12, 

and 13). In contrast, high concentrations of Ba, Cu, Mg, Ca, Fe, Sr, Ni, and 

Cr are found outside the caldera, within the Bullion Canyon Volcanics (Figures 

14, 15, 16, 17, 18, 19, 20, and 21). Molybdenum, Ag, Mn, and La show no 

definite trends (Figures 22, 23, 24, and 25).

The single-element plots indicate that there have been significant 

depletions of the elements Mg, Ca, Fe, and Sr from the Bullion Canyon 

Volcanics in an extensive area from Indian Creek, south to the North Fork of 

North Creek (Figures 16, 17, 18, and 19). The elemental depletions tend to 

cluster in two areas. The largest area of depletions is located in an area 

bordered by Briggs Hollow on the north, Pole Canyon on the east and Drag 

Hollow on the south. This area is designated the Dray Hollow geochemical 

anomaly. In the vicinity of Tanner Mountain, south of the Dray Hollow 

geochemical anomaly, an anomalous area bounded by Sheeprock canyon on the 

north, Merchant Hollow on the south, and possibly Pole Creek on the east is 

characterized by depletions in the elements Ca, Fe, Sr, and Ba. The 

depletions of these elements within the Drag Hollow and Tanner Mountain 

geochemical anomalies may be the results of hydrothermal alteration.

At places the geochemical anomalies identified by this survey (Figure 

26) show enrichments of certain elements such as Be, Y, Mn, Pb, Mo, Sn, Ag, Ga 

or Nb and in the same general area characterized by depletions in other 

elements such as Mg, Ca, Ba, and Fe. Some high Ga concentrations tend to 

cluster within the geochemical anomalies (Figure 9). Mo and Ag are only 

slightly enriched in objective samples within the Drag Hollow and Tanner 

Mountain anomalies, but are more strongly enriched in subjective samples from 

the same areas (Figures 22 and 23). Y and Pb are depleted within these 

geochemical anomalies also (Figures 11 and 12).
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Another geochemical anomaly centered on Gold Mountain in the eastern part 

of the caldera, is designated the Gold Mountain geochemical anomaly. Pb and 

to some degree Nb are depleted from rhyolite samples within this anomaly 

(Figure 12 and 8) and Ba, Ca, Fe, La, and Sr are slightly enriched. High 

concentrations of Mo have been noted in samples collected from a breccia pipe 

and a tailings pile on Gold Mountain (Cunningham and Steven, 1979c). These 

geochemical trends are opposite to those described in the Dray Hollow and 

Tanner Mountain geochemical anomalies, which may reflect possible factors such 

as differences in the level of intrusive emplacement, present level of 

erosion, chemical composition of the host rocks, or in the degree of 

fracturing and the composition of any circulating hydrothermal fluids.

Multi variant analysis applied to the rock data

The present chemical compositions of the rocks in the study area probably 

have resulted from a complex geochemical history, with the original composi 

tion having been modified by subsequent hydrothermal activity and other 

geochemical processes. In this instance, Q-mode factor analysis techniques 

have been used to gain a better understanding of the complex interrelation 

ships that exist in the data. Q-mode factor analysis is a mathematical 

technique that calculates a group of end-member compositions that approxi 

mately describe the variations within the multi specie data. Background 

information on factor analysis can be found in Davis (1973) and Klovan and 

Imbrie (1971). Q-mode factor analysis demonstrates that certain end-member 

compositions or factors exist, but does not attach any significance to them. 

The interpretation of the factors and their geological significance is a 

subjective process which relies on the user's knowledge of the geological and 

geochemical processes that may have affected the area. Information on the use 

and application of factor analysis to geochemical studies can be found in
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Miller and others (1979 and 1980) and Tucker and others (1980). 3-node factor 

analysis was performed on the data using the U.S. Geological Survey's STATPAC 

library system. The raw data for 18 elenents were 1oq transformed prior to 

Q-iioda factor analysis. A four-factor nodel which pxplains 95.1 nercent of 

the total variance was used in interpreting the data. Table 8 presents the 

factor-score matrix. The factor scores, by sample site, are qiven in Tucker 

(1981).

Factors 1 and 2

The variations explained by factors 1 and 2 are interpreted to be due to 

litholoyic controls. Factor 1 explains 49.0 percent of the total variance. 

The highest scores for Mb, Be, Ga, Pb, Y, La, and Mn are in this factor. This 

geochenical suite of elements is interpreted to be associated with rhyolitie- 

composition rocks. The highest factor scores occur for samples 035, 040, 715, 

093, 037, 577, 644, 724, 041, 636, 733, 648, 094, 731, 050, and 529 

respectively, all with scores greater than 0.92 (Figure 27). The distribution 

of high factor 1 scores is restricted to within the caldera, with the 

exception of a few sites that are underlain by outflow facies.

Factor 2 exolains 41.6 percent of the total variance. The hinhest scores 

for Sr, Cu, Ca, fig, p>a, Fe, Cr, and Ni are in this factor. This neoc^nical 

suite of elements is interpreted to he associated with internediate- 

conposition volcanic rocks. The highest factor scores occur for samples 618, 

663, 179, 612, 569, 080, 561, 084, 561, 084, 610, 083, 613, and 521 

respectively, all with scores less than -0.93 (Figure 28). The him factor 

scores for factor 2 are found outside the caldera and within the lava flows of 

tne Bullion Canyon Volcanics. It is significant that many samples within the 

Dray Hollow and Tanner Mountain geochenical anomalies are not represented by 

high factor scores for factor 2, even though the rocks exnosed here are 

Bullion Canyon Volcanics.
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Table 8.--Factor score matrix

Factor

Constituent

Fe 

Mg 

Ca 

Mn 

Ag 

Ba 

Be 

Cr 

Cu 

La 

Mo 

Nb 

Ni 

Pb 

Sn 

Sr 

Y 

Ga

0. 

0. 

0. 

0.

0. 

0. 

0.

-0. 

-0. 

0.

0. 

0.

-0. 

0.

0.

-0. 

0.

0.

1

190 

062 

008 

228

068 

001 

382

105 

158 

235

090 

482

049 

340

259

144 

315

349

-0.

-0.

-0.

-0. 

0. 

-0.

0. 

-0.

-0.

-0. 

0. 

0. 

-0.

-0. 

0. 

-0.

-0. 

-0.

2

277

325

346

171 

012 

325

039 

259

390

150 

071 

126 

298

088 

110 

391

134 

141

0.

-0. 

-0. 

0. 

0.

0.

0.

0.

0.

-0. 

0.

0.

0. 

-0. 

-0. 

-0. 

-0. 

-0.

3

209

no
154 

059 

224

222

124

161

182

194 

785

095

041 

064 

161 

123 

101 

155

-0.

0. 

0. 

-0.

-0.

-0.

-0.

-0. 

-0. 

0. 

0. 

-0.

-0. 

0. 

0. 

0. 

0. 

0.

4

256

029 

155 

136

197

134

304

064 

010 

204 

540 

233

165 

210 

411 

276 

008 

187

Underlined scores are significant in factor interpretation.
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Factor 3

Factors 3 and & consist of significant scores for a lenents connonly 

associated with ore deposits. Factor 3 explains 3.2 'percent of the total 

variance. The highest scores for Mo and Ag occur in this factor. Other 

elements that have significant scores in this factor are Ba, Fe, Cu, Cr, ?>e , 

and rib. Factor 3 is interpreted as reflectinq the suite of elenents connonlv 

associated with nolybdenun mineralization. The hiahest factor scores occur in 

samples 014, 657, '066, 013, 656, 087, 604, and 023 with scores greater than 

U.54 (Figure 29). The largest clustering of high scores occurs within the 

Oracj Hollow geochemical anonaly. Several high scores also occur within the 

Tanner Mountain geocnemical anomaly. Samples 656 and 657 are in Bullion 

Canyon, and have high scores for factor 3. This area is very near a 

postulated porphyry molybdenum system (Steven, Cunningham, and ' 1achette, 1980; 

Cunningham and Steven, 1979b). Limited sampling was done in this area; 

therefore tne data are insufficient to support confident interoretation.

The elements associated with the anomalies are those characteristically 

associated with highly di f ferentiated, leucocratic intrusive igneous bodies 

that may have accompanied economic concentrations of molybdenum. Lesser 

factor scores occurring within the caldera are Generally associated with the 

Mount Saldy Rhyolite '".ember, which contains concentrations of Mo, .Sn, Ra, and 

Pb and probably was derived from a highly differentiated magma chamber. This 

implies that many of the factors indicative of ore-element concentration 

existed, and that the Mount 3aldy Rhyolite Member may represent a pressure- 

releasing pnase of a highly differentiated residual fluid. It is not known to 

wnat extent this eruptive phase is representative of the total volume of the 

concentrated residual fluids, %'hat is significant, is that the differentia 

tion processes have occurred, and porphyry-tyoe molybdenum deoosits coula have 

formed if the differentiated residual fluids were trapped at depth.
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Factor 4

Factor 4 explains 1.3 percent of the total variance. Constituents '-nth 

high scores In this factor are Fe, i-ln , Ag, Ba, Be, and Nb. The highest factor 

scores occur in samples 074, Oil, 075, 015, and 600 respectively, with 

negative scores less than -0.30 (Figure 30). The interpretation of this 

factor is difficult, but nay represent a halo surrounding a porphyry-type 

molybdenum deposit. For the Drag Hollow geochemical anomaly, the anomalous 

factor-4 scores tend to be associated with the secondary anomalous factor-3 

scores. The Gold Mountain anomaly contains a clustering of high factor-4 

scores. These scores center over a depletion in °b and Nb. Factor 4 suggests 

that a differentiated body may exist under the Gold Mountain oeochemical 

anomaly, although the oeochemical signature at the oresent surface may be a 

composite of nany factors such as erosional level, host rock connosition, 

fracture control, and so forth.

Conclusions

The Mount SelKnap caldera and vicinity exhibits many of the neolom'cal 

and geochenical characteristics indicating a potential for porphyry-tvne 

nolybd2num deposits. The Oraq Hollow, Tanner Mountain, Hold 'fountain, and 

Bullion Canyon anomalies contain many of the geochemical characteristics 

associated with the emplacement of leucocratic, highly-differentiated 

rhyolitic intrusive bodies. The difference in major and trace element distri 

butions within these geochemical anomalies can be attributed to a variety of 

factors such as depth of intrusive ennlacement, subsequent erosion, host rock 

composition, degree of fracturing in the host rock, thermal nradient and 

pressure gradient. There is the possibility that the residual fluids were 

erupted or dispersed, and no significant concentrations of the ore elements 

occurred. The geochemistry of the Mount Baldy Rhyolite '''ember indicates that
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this eruptive facies was from a highly-differentiated magma chamber containing 

high concentrations of the ore elements.

Q-mode factor analysis was able to separate, to some degree, the various 

geochemical contributions that have affected the original chemical composition 

of the rocks. A four-factor model was used to interpret the multielement 

data. Factors 1 and 2 defined geochemical suites interpreted as representing 

lithologic differences between the rhyolites and intermediate-composition 

volcanic rocks. Factor 3 defined a geochemical suite of elements that can be 

interpreted as representing molybdenum mineralization. Factor 3 has a 

clustering of high scores within the Drag Hollow, The Tanner Mountain, and the 

Bullion Canyon anomalies. Factor 4 defines a geochemical suite of elements 

that may be interpreted to represent an upper level halo above a porphyry-type 

molybdenum system. This factor defined the Gold Mountain anomaly and seems to 

complement the elemental suite defined by factor 3.

A hydrogeochemical survey completed concurrently with the rock geochem 

ical survey also indicated the potential for porphyry-type molybdenum deposits 

in the Mount Bel knap caldera vicinity (Tucker and others, 1980). The Big 

Meadow hydrogeochemical anomaly is located just south of the Gold Mountain 

rock geochemical anomaly. The Grassy Creek hydrogeochemical anomaly is 

located slightly north of the Drag Hollow rock geochemical anomaly. The 

slight displacement of the hydrogeochemical anomalies with respect to the rock 

geochemical anomalies may reflect present structural control of water flow or 

structural control related to the release of fluids during the emplacement of 

a body at depth.

The geology and geochemistry of the Mount Bel knap caldera and vicinity 

suggest that highly differentiated leucocratic magmas were intruded and(or) 

erupted in and around the caldera. The Drag Hollow, Tanner Mountain, Gold
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Mountain, and Bullion Canyon geochemical anomalies exhibit many of the 

characteristics associated with the emplacement of highly-differentiated 

residual fluids from these magmas, which may have deposited economic 

concentrations of Mo. These anomalous areas represent potential targets for 

future porphyry-type molybdenum mineral exploration.
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Appendix 2.--Elements with fewer than 15 reported values

Zinc 200ppm

sample concentration 
in ppm

055

185

187

207

547

566

568

678

683

309

818

839

840

<200

500

500

<200

200

<200

200

200

200

<200

200

> 10000

>10000

Bismuth lOppm
sample concentration 

	in ppm
140 <10

199 <10

599 10

313 15

805 15

821 <10

839 30

Cadmium 20ppm

sample concentration

818
840

in ppm 
<20 
500

Thorium lOOppm

sample concentration 
in ppm

078

092

148

549

675

682

843

<100

<100

<100

<100

<100

200

100

Arsenic 200ppm
sample concentration

819

823

839

840
847

in ppm
<200

700

10000

500
200

Tungsten 50ppm
sample concentration 

	in ppm
801 <50

823 50
839 <50

Antimony lOOppm
sample concentration

839

840

in ppm

>10000

3000

Gold lOppm

sample concentration

826
in ppm 

10

97


